Carbon sequestration potential of teak plantations in different agro-climatic zones of Southern India, viz. Northern Dry Zone, Northern Transition Zone, and Hilly Zone were studied. Teak plantations belonging to three age gradations viz. 10, 15 and 20 years were considered for the study. Above ground biomass was computed based on volume estimation and wood density after considering three 10 x 10 m plots. Carbon sequestration potential of teak plantations on farmlands differed significantly with respect to agro-climatic zones and age. Teak plantations raised on the farmlands of Northern Transition Zone had significantly higher above ground biomass than that in Northern Dry Zone and Hilly Zone at all the three age-gradations. Consequently, total above ground carbon sequestered was also significantly higher among the teak plantations of the Northern Transition Zone (247.47 t/ ha) than that in Hilly Zone (157.60 t/ha) and NDZ (103.73 t/ha). For obvious reasons total amount of carbon sequestered was significantly higher in 20-year plantations (330.00 t/ha) than in 15-year (108.53 t/ha) and 10-year plantations (70.27 t/ha). Perhaps optimal average annual rainfall of 749 mm and medium black soil in Northern Transition Zone have contributed to the higher biomass in teak. Poor rainfall in Northern Dry Zone (<585 mm) and poor soil conditions (lateritic formations) in Hilly Zone must have contributed to the poorer growth of teak in these zones.
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InTroDuCTIon
Indiscriminate deforestation in tropical world has become a major cause of increased carbon dioxide concentration in our atmosphere, It was eported that the global average of the gross emission rate of tropical deforestation was 2.9 petagrams of carbon (Pg C y-1) from 1990 to 2007 and that tropical regrowth forests were partially compensated for by a carbon sink of 1.6 Pg C y-1 within an area of 557 Mha. ,12 . For combating this series environmental issue continuous efforts are been made by international community by promote several actions for reducing emissions from deforestation and forest degradation (REDD) in the international society, one important example of which is afforestation in deforested areas 3 Improved land management could result in store substantial amount of soil carbon and prevent this culprit gas from entering into our atmosphere 6 . Tree plantations are capable of sequestering greater quantity of carbon within their main stem wood, bark, branches, foliage and roots and soil while carbon sequestered by the main stem wood results in longer sequestration while other components sequester and release carbon on shorter intervals due to natural pruning and decomposition (7) . Carbon sequestration potential of tree species becomes relevant in this respect.
Primary productivity and biomass gain which are directly proportionate to carbon stored in a plant or an ecosystem varies with the availability of resources and characteristics of the environment in which they grow. Strongest ecological factors like climate and age influences primary productivity of a species or ecosystem thus changes in climate & age can cause changes in amount of carbon sequestered. Keeping these points in view a study was conducted to understand carbon sequestration potential of teak in different agro-climatic zones and age gradations.
Material and methods
The Fig.1 ) for understanding the carbon sequestrating potential of teak plantations. In each of the climatic zones, teak plantations of three age gradations i.e. 10, 15 and 20-year were chosen for the study. The soils in Northern Dry zone and Northern Transition zone are quite similar. The major soil types in these two zones are mostly medium black soils to shallow black soils. Whereas, in Hilly Zone, red sandy loam, lateritic and medium black soils are predominant. Three Agro-climatic zones were considered as main plots and three age gradations in each of the agroclimatic zones were taken as sub plots. Thus there were three 3 main plot and 3 sub plot treatments.
Average data per hectare was calculated. The total above ground biomass of the tree was expressed as a product of total volume and wood density. Total bole volume was considered as 56, 62 and 63 per cent at 10, 15 and 20-year trees respectively and rest of the above ground biomass was calculated by using standards 8 . Based on the mean total biomass per tree, total above ground biomass per hectare was calculated.
The above ground biomass of standing trees was estimated to work out the amount of carbon sequestered by reducing the total biomass yield to its 50 per cent 9 . Fisher's method of analysis of variance and interpretation of data was applied (10) . The level of significance used was p = 0.05. The mean values of main plots, sub plots were subjected to M-STAT-C program on a computer. Total amount of carbon sequestered per hectare differed significantly due to agro climatic zones and age gradations (Fig. 2) . It was significantly higher in Northern Transition Zone (247.47 t/ha) than in Northern Dry Zone (103.73 t/ha) and Hilly Zone (157.60 t/ha). The total amount of carbon sequestered was higher in Northern Transition Zone to an extent of 138.5 and 57.1 per cent over Northern Dry Zone and Hilly Zone respectively. Subsequently total amount of carbon sequestered was significantly higher in 20-year plantations (330.00 t/ha) than in 15 year (108.53 t/ha) and 10 year plantations (70.27 t/ha). The extent of increase of total tree volume in 20-year plantation was 204.1 and 369.6 per cent over 15 year and 10 year respectively.
There was a significant effect shown by interaction between agro climatic zones and age gradations on total amount of carbon sequestered. In case of 10 and 15-year age gradations, amount of carbon sequestered per hectare in Northern Dry Zone (62.2 and 89.90 t/ha) was statistically par with that in Hilly Zone (65.20 and 91.40 t/ha). Whereas, plantations of 20 year recorded significantly higher amount of carbon sequestered in Hilly Zone (316.20 t/ha) compared to Northern Dry Zone (159.10 t/ ha).
DISCuSSIon
Unlike in developed countries, developing countries do not have carbon inventories and data bank to monitor and enhance carbon sequestration potential of different plantations. Very few attempts were made so far to assess the carbon sequestration in teak plantations with respect to different agroclimatic zones and age gradations in India in general and Karnataka in particular. Therefore, a pilot study was taken up to estimate the above ground carbon sequestrating potential of teak plantations in Karnataka.
The higher amount of carbon sequestrated in Northern Transition Zone can be attributed to higher total above ground biomass in Northern Transition Zone (517.22 t/ha) than in Northern Dry Zone (207.89 t/ha) and Hilly Zone (320.67 t/ha) which in turn was due to favorable soil and climatic conditions. Northern Transition Zone is characterized by moderate mean annual rainfall (749 mm), higher soil fertility status, lesser temperature extremes. On the contrary, although annual rainfall is much higher in Hilly Zone, the soils are acidic and relatively less fertile. Similarly in Northern Dry zone, although teak plantations were established with protective irrigation, the soils are alkaline and temperature extremes are higher thus lower the amount of carbon sequestrated.
Fig. 2: Total above ground biomass (t/ha) and carbon sequestered (t/ha) in teak plantations as influenced by agro climatic zones and age gradations
The extent of increase of total above ground biomass in 20-year plantation was 214.5 and 380.3 per cent over 15-year and 10-year respectively (Fig.  2) . It might be because of the fact that increment in tree biomass is directly proportional to the increment in age. It was also reported that species level carbon sequestration of teak was done in Panama and revealed that teak plantations contain 351 tons of 'C'/ ha at the end 20-year rotation period under tropical conditions (11) . Similarly biomass in Eucalyptus tereticornis varied from 11.9 t/ha in three-year old plantation to 146 t/ha in 9-year old plantation (12) .
The total amount of carbon sequestered in teak plantations was higher in Northern Transition Zone, which was almost double than that of Northern Dry Zone and Hilly Zone at twenty years. Total biomass estimations thus amount of carbon sequestered were made by using volume table models. However more comprehensive studies on biomass estimations of the species under varied agro climatic conditions are required to workout carbon sequestration potential with grater accuracy. Further establishing teak plantations can be extrapolated to the other areas similar to the Northern Transition Zone and a wide array of successive age groups may be considered with in the same site conditions for further study in order to ascertain the major factors influencing the carbon sequestrating potential. This information generated can be used in planning carbon trading in near future.
